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DESCRIPTION 

PHARMACEUTICAL COMPOSITIONS FOR THE PREVENTION AND TREATMENT 
OF ATHEROSCLEROSIS AND RESTENOSIS AFTER PTCA 

5 

Technical field 

The present invention relates to pharmaceutical compositions for 
the prevention and treatment of disorders attributed to intimal 
thickening, more specifically to pharmaceutical compositions for the 
10 prevention and treatment of these diseases, comprising MK or its 
C3 inhibitor as an effective ingredient. 

"••4 

01 Backgro und Art 

H:^ Incidence of ischemic cardiac diseases caused by arteriosclerosis , 

; n 

f-i 15 especially, coronary arteriosclerosis, such as angina pectoris, and 
01 myocardial infarction are recently on the increase. Pathological 

tissue images of arteriosclerosis mainly show local intimal thickening 
and diminished elasticity. As a result, circulation is disturbed, and 
nj nutrients and oxygen are insufficiently supplied to myocardial tissues, 

20 leading to the above-mentioned conditions. 
lI Many important findings have been made regarding the pathogenesis 

of intimal thickening. A typical example is that the thickened intima 
primarily constitutes of smooth muscle cells that migrated from tunica 
media (Parker, F., Amer. J. Pathol., 1960, 36, 19-53; and Webster, W. 
25 S., S. P. Bishop & J. C. Geer, Amer. J. Pathol., 1974, 76, 245-264). 
Moreover, the hypothesis that arteriosclerosis develops as a result of 
the injury-repairing reaction (Ross, R., N. Engl. J. Med., 1986, 314, 
488-500) is the base of understanding on arteriosclerosis even now. 
Percutaneous transluminal coronary angioplasty (PTCA), a 
30 treatment in which a blood vessel constricted by such an intimal 
thickening is inflated by a balloon and physically expanded, is a common 
treatment at present. PTCA surgery has proved to be remarkably 
effective with a 90% or higher recovery rate. However, restenosis 
occurs with a frequency of 30 to 60% at the same site within 6 months 
35 or less following PTCA. It is pathologically recognized that restonis 
is the result of an excessive repairing mechanism, the excessive 
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neointima formation at the artery wall of the injured site (Nobuyoshi, 
M. et al: J, Am. Coll. Cardiol. 17: 433-439, 1991). It has also been 
confirmed that this neointima forms from tunica media-derived smooth 
muscle cell migration and proliferation, and hyperplasia of the 
5 extracellular matrix. The following molecular biological mechanism in 
the neointima formation process is known. First, a transformation of 
blood vessel smooth muscle cells from a contractile to a synthetic 
phenotype is observed. Further / the following substances that induce 
cell proliferation, and overexpression of their receptors, have been 
10 reported: 

various growth factors, such as platelet-derived growth factor (PDGF) 
and Fibroblast growth factor (FGF); 

cytokines, such as interleukin and tumor necrosis factor a (TNFa); 
Angiotensin II; and 
15 Thrombin. 

Based on these backgrounds, it could be hypothesized that 
restenosis can be prevented by inhibiting the migration and 
proliferation of blood vessel smooth muscle cells. Thus, many 
pharmaceuticals were examined for their inhibitory effects on intimal 
20 proliferation using animal experiments. Effective ones were 

clinically tested, however, no effectiveness could be clinically 
established for any of these pharmaceuticals (Circulation., 1992, 86, 
100-110; and Weint raub, W. S. et al., N. Engl. J. Med., 1994, 331, 
1331-1337) . 

25 Midkine (MK) was discovered as a gene product, expression of which 

is induced at the early stage of the differentiation induction process 
of embryonic tumor cells by retinoic acid (Kadomatsu, K. et al. , Biochem. 
Biophys. Res. Commun., 1998, 151, 1312-1318). Pleiotrophin (PTN, or 
HB-GAM) was discovered as a binding protein having neurite elongation 

30 ability in the brains of newborn rats (Rauvala, H., 1989, EMBO J., 8, 
2933-2941) . MK and PTN are heparin-binding proteins which control cell 
proliferation, survival, and differentiation in the developmental 
process (Tomomura, M. et al., J. Biol. Chem. , 1990, 265, 10765-10770; 
Li, Y. etal.. Science, 1990, 250, 1690-1694; Rauvala, H., EMBO J . , 1989, 

35 8, 2933-2941; Wellstein, A. etal., J. Biol. Chem., 1992, 267, 2582-2587), 
have about a 50% sequence homology (Tomomura, M. et al., J. Biol. Chem., 
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1990, 265, 10765-10770; Kuo, M. et al., J. Biol. Chem,, 1990, 265: 
18749-18752; and Tsutsui, J. et al., Biochem. Biophys. Res. Commun., 

1991, 176, 792-797), and form the MK family (Muramatsu, T., Dev. Growth 
Differ., 1994, 36, 1-8). 

5 A mature MK protein is a protein with a molecular weight of 13 , 000 , 

comprising 121 amino acids rich in basic amino acids and cysteins. Its 
function is various, including, for example, promoting survival of nerve 
cells, neurite elongation, accelerating fibrinolysis in endothelial 
cells of blood vessels , and transformation of NIH3T3 cells . In addition 
10 to these, involvement of MK in tissue reconstitution has been recently 
drawing attention. Expression of MK was observed in gliocytes around 
brain infarction nidi, mainly in the epithelial side of the region where 
interaction between the epithelium and stroma takes place during 
development, etc. 

15 However, no relationship between arteriosclerosis and restenosis 

after PTCA and MK protein has been reported. 

Disclosure of the Invention 

An objective of the present invention is to provide a novel drug 

20 for controlling neointima formation, especially to provide a novel drug 
effective for the treatment of arteriosclerosis and prevention of 
restenosis following PTCA surgery. 

The present inventors revealed a role for MK in neointima f omation 
based on the following understandings. The results of RT-PCR and 

25 competitive PGR conducted on mRNA prepared from the blood vessel tissue 
of rat common carotid artery endothelium-in jury model confirmed that 
the expression of MK mRNA was increased in the period from 7 to 10 days 
after injury. The neointima in the wild mice was remarkably enlarged 
compared with that in MK knockout mice in the neointima formation models 

30 prepared from the wild and MK knockout mice. Further, the injection 
of MK increased neointima size in MK knockout mice. 

Based on these findings, the present inventors proposed that MK 
has an important role in intimal thickening. The present invention 
revealed that inhibiting the function of MK in cells represses the 

35 corresponding proliferation-stimulatory activity, in which MK was 
involved, to prevent arteriosclerosis and restenosis after PTCA surgery. 
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and completed the invention. 

Specifically/ the present invention relates to the following 
pharmaceutical composition and a method for screening compounds for the 
pharmaceutical composition, namely to: 
5 (1) a pharmaceutical composition for the prevention or treatment of 
angiostenosis, comprising a compound inhibiting the functions of MK as 
an effective ingredient; 

(2) the pharmaceutical composition of (1), wherein the compound 
inhibiting the function of MK is an antisense oligonucleotide that 

10 inhibits intracellular MK protein synthesis by binding to a segment of 
a single-stranded mRNA transcribed from the MK gene; 

(3) the pharmaceutical composition of (1), wherein the compound 
inhibiting the function of MK is an antibody against the MK protein or 
a fragment comprising its variable region; 

15 (4) the pharmaceutical composition of (1), wherein angiostenosis is 
caused by arteriosclerosis or restenosis after PTCA surgery; 

(5) a method for screening a compound for the prevention or treatment 
of angiostenosis, comprising the steps of: 

(a) contacting MK expressing cells with a candidate compound; and, 
20 (b) selecting a compound inhibiting the function of MK; and, 

(6) a pharmaceutical composition for the prevention or treatment of 
angiostenosis, comprising a compound selected by the method of (5) as 
an effective ingredient. 

The present invention provides a pharmaceutical composition for 
25 the prevention or treatment of restenosis, comprising a compound 
inhibiting the function of MK as an effective ingredient. Alternatively, 
the present invention relates to the use of the compound inhibiting the 
function of MK in the prevention or treatment of restenosis. Moreover, 
the present invention relates to the use of a compound inhibiting the 
30 function of MK in the production of a pharmaceutical composition for 
the prevention or treatment of restenosis. 

In the present invention, the function of MK includes a whole 
series of steps in which the MK gene is transcribed, translated into 
proteins, and its activity is expressed. Therefore, inhibiting the 
35 function of MK is meant by the inhibition of any step comprising this 
series of processes. Specifically, usable compounds in the present 
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invention include, for example, antisense nucleic acids or decoy nucleic 
acids of the MK gene, which inhibit the transcription of the gene and 
translation into proteins, ribozymes which damage mRNA encoding MK, and 
MK protein-binding compounds that interfere with the activity 
5 expression of MK proteins. 

The present inventors examined the expression of MK, HB-GAM 
(Hepar in-binding Growth-associated Molecule; Pleiotrophin) , Syndecan 
family (Syndecan-1, Syndecan-3, and Syndecan-4 ) , RPTP-p (one of 
receptors of PTN), and glyceraldehyde phosphate dehydrogenase (GAPDH; 
10 a housekeeping gene) ( internal standard) , using mRNA prepared from blood 
n vessel tissues in the rat carotid artery endothelium- in jury model 

^ through RT-PCR. As a result, MK mRNA expression was increased in the 

2! period of 7 to 14 days after injury (Fig. la). In Syndecan-1, a strong 

y mRNA expression was observed in the period of 3 to 14 days after injury, 

Ul 15 synchronizing with the expression pattern of MK. Syndecan-1 is a member 
of the Syndecan family, and is considered to work as a receptor for MK. 
r On the other hand, the expression of PTN, a member of the MK family, 

CJ was temporally increased at about 7 days after injury. RPTP-p, 

considered as a receptor of PTN (J. Biol- Chem. 271, 21446-21452, 1996), 
y 20 showed strong mRNA expression in the period of 3 to 7 days after the 
O operation, in which period the expression of HB-GAM expression was 

" expected to be elevated and at peak-level. GAPDH used as the internal 

standard showed a constant expression regardless of the number of days 
following the operation (Fig. le). 
25 Competitive PGR confirmed that GAPDH constantly showed the same 

level of expression until 14 days after the operation (10^ copies/jxl) 
while the expression of MK was increased ten-fold at day 7 following 
the operation (Fig. 2). Therefore, MK is expressed in such a manner 
that mRNA expression reaches maximum at 7 days after the operation. 
30 Western-blotting analysis in each tissue at 3 days, 7 days, and 14 days 
after the operation indeed showed the MK protein, clearly showing a large 
amount of expression at 7 days after the operation (Fig. 2). From the 
above results, MK was seen to have an mRNA expression pattern different 
from PTN, which is a member of the MK family, and only MK is considered 
35 to be expressed in harmony with neointima formation. 

Blood vessel tissues obtained from rats at 14 days after the 
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operation were stained with hematoxyline-eosin to examine the formation 
of neointima following endothelial injury (Circulation, 1997, 96, 
4333-4342) • The intima was not formed while the tunica media following 
the adventitia was enlarged, confirming the growth of blood vessel 
5 smooth muscle (Figs. 4bandc). In contrast, the intima of the untreated 
rat was made of well-formed adventitia, media, and intima (Fig. 4a). 
Immunohistochemical staining by anti-MK antibody (Japanese Patent 
Application No. Hei 9-205332) showed stained proliferating blood vessel 
smooth muscle cells in the blood vessel tissues from rats at 14 days 
10 following the operation (Fig. 4d). These results confirmed that MK is 
involved in the proliferation of smooth muscle cells. Therefore, 
j3 restenosis after PTCA surgery would be preventable by inhibiting MK 

function. Since a mechanism similar to angiostenosis after PTCA surgery 
presumably functions in arteriosclerosis nidi as well (Nature, 1993, 
15 362, 801-809; and Circulation, Res., 1995, 77, 445-465), 
arteriosclerosis would also be preventable and treatable by inhibiting 
r MK function. 

O Inhibition of MK function can be achieved by, for example, 

f: inhibiting the synthesis of the MK protein itself. This is done by 

1=1 20 repressing the transcription, expression, or translation of theMK gene. 

For this purpose, for example, antisense nucleic acids or decoy nucleic 
acids can be used. In antisense nucleic acid techniques, a gene 
comprising a nucleic acid sequence hybridizing with the desired gene, 
or an artificially synthesized short nucleic acid chain (antisense- 
25 oligo) is introduced to repress the expression of a specific gene using 
the complementarity of genes. In contrast, decoy nucleic acid 
pharmaceuticals inhibit the binding of a specific transcriptional 
regulatory factor to its binding site, repressing an activated gene 
group . 

30 The antisense technique provides an extremely specific and 

powerful method for inhibiting gene products (Stein & Chang, Science, 
1993, 261, 1004-1012). By hybridizing an antisense oligonucleotide 
with an mRNA target, the expression of the corresponding gene product 
can be inhibited through multiple mechanisms. In the "translation 
35 arrest" state, the activity of a ribosome complex can be repressed by 
the interaction between a target mRNA and an oligonucleotide to prevent 
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translation from mRNA to a protein (Haeuptle et al., Nucl. Acids. Res. 
14, 1986, 1427) . In the case of phosphodiester DNA or phosphorothioate 
DNA oligonucleotides, when a sequence of a target RNA hybridizes with 
its DNA oligomer, intracellular RNase H can quickly digest its target 
5 RNA sequence (Walder & Walder, Proc. Natl. Acad. Sci. USA., 1988, 85, 
5011). Some kinds of oligonucleotides can form a "triplex," that is 
a triple-helix structure, with standard double-stranded genomic DNA 
containing a target gene to prevent transcription by RNA polymerase 
(Giovannangeli et al., Proc. Natl. Acad. Sci. USA., 1993, 90, 10013). 
10 A typical antisense oligonucleotide is a short DNA sequence 

normally comprising 10 to 50 bases and complementary to a specific region 
of the corresponding target mRNA. Hybridization of a target transcript 
with an antisense oligonucleotide forms complementary base pairs, and 
H therefore, shows a high specificity. Hybridization of the antisense 

m 15 oligonucleotide is affected by the accessibility of the antisense 
oligonucleotide to the target site, chemical modification, secondary 
structure (Stein et al.. Cancer Research, 1988, 48, 2659), etc. 

In order to select the desired length of an antisense 
oligonucleotide against mRNA the expression of which should be repressed , 
20 the following factors must be considered. First, such a short 
oligonucleotide comprising 10 to 15 bases shows high cellular 
invasiveness, while its gene specificity is low. In contrast, a long 
oligonucleotide made of 20 to 30 bases shows a high specificity, while 
the cell incorporation rate is low. The ability of accessing an mRNA 
25 target sequence is also important. For example, a loop forming region 
existing in a target mRNA can easily have access to an antisense 
oligonucleotide because of the high probability of existing as a single 
strand, and therefore, has potential to be a target nucleotide sequence. 
It should be obvious to one skilled in the art to select an appropriate 
30 target sequence and length of an antisense oligonucleotide by 
considering these factors. 

The term "oligonucleotide" used herein includes both nucleic acid 
parts of oligomers existing in nature, such as the structures of 
deoxyribonucleotides in DNA and ribonucleotides in RNA, and artificial 
35 analogues capable of binding to nucleic acids existing in nature. The 
oligonucleotide of this invention may be any oligonucleotide based on 
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ribonucleotide monomer bound through a phosphodiester bond or through 
analogues bound through methylphosphonate, phosphorothioate, or other 
bonds. In these, the basic structures or other modifications are 
changed, although the monomer portion still retains the ability to bind 
5 to DNA and RNA structures existing in nature. These oligonucleotides 
can be prepared by a method well known to a person skilled in the art, 
for example, a method using a commercially available machine and 
reagents available from Perkin-Elmer Applied Biosystem (Foster City, 
CA) . These apparatus can synthesize an oligonucleotide of about 100 

10 bases, in nano moles. 

An oligonucleotide bound through a phosphodiester bond is 
especially vulnerable to nucleases in blood or cells. Therefore, in 
the preferable embodiment, oligonucleotides used in this invention are 
analogues bound through a phosphorothioate bond or a methylophosphonate 

15 bond, which have been confirmed to be nuclease resistant (Stein et al. , 
Cancer Research, 1988, 48, 2659). 

MK oligonucleotides in the form of antisense RNA can be temporally 
expressed in target cells through a standard DNA expression vector. The 
MK DNA sequence can be cloned from a standard plasmid to an expression 

20 vector, and the expression vector has the property of expressing an 
endogenous oligonucleotide at a higher level or more effectively. At 
minimum, these constructs require a eukaryotic promoter sequence for 
initiating transcription of the inserted DNA sequence. A preferable 
expression vector can induce a high level of expression. This can be 

25 achieved by adding a control element that can increase the transcription 
of the downstream sequence within an appropriate host cell. 

For example, the MK antisense oligo expression vector can be 
constructed through PCR by which an appropriate fragment obtained from 
a single-stranded cDNA of plasmid pHIL301-MK is amplified. An 

30 appropriate nucleotide sequence of an oligonucleotide primer for the 
PCR reaction can be designed based on the cDNA sequence of MK (GenBank 
Acc. No. J05447 ) by a person skilled in the art. The methods for 
synthesizing and purifying oligonucleotides are well known. A PCR 
product is subcloned into plasmids. In relation to this, a "cloning 

35 vector" is a DNA molecule, such as a plasmid, a cosmid, or bacteriophage, 
which can self -replicate in prokaryotic host cells. A cloning vector 
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generally has not only a marker gene appropriate for identifying and 
selecting cells transformed by this cloning vector, but also one or a 
few restriction endonuclease recognition sites into which an exogenous 
DNA sequence can be inserted in a detectable manner without loosing the 
5 biological function essential for the vector. Marker genes include the 
tetracycline resistant gene and the ampicillin resistant gene. The 
cloned antisense fragment can be amplified by transforming an 
appropriate bacterial cell using the cloning vector, and proliferating 
the bacterial host cells in the presence of an appropriate antibiotic. 
10 Subsequently, PGR is conducted for the bacterial host cells, and clones 
having MK in an antisense orientation are screened. 

The cloned antisense fragments can be cut out from the cloning 
vector and inserted into an expression vector. An appropriate 
expression vector generally includes ( 1 ) a prokaryotic DNA factor which 
J=| 15 encodes an origin of replication in bacterial hosts and an antibiotics 
01 resistant marker, (2) a factor for regulating the initiation of 

transcription such as a promoter, and (3) a DNA factor for regulating 
% transcriptional processes such as a transcription 

fij termination/polyadenylation sequence. In mammalian hosts, 

W 20 transcriptional regulation and translational regulation signals are 
U preferably derived from viruses, for example, adenoviruses, bovine 

papilloma viruses, or similar viruses. In these viruses, a regulatory 
signal is involved in specific genes leading to a high level of expression. 
An appropriate transcriptional regulatory sequence and translational 
25 regulatory sequence can also be obtained from mammalian genes, for 
example, the genes of actin, collagen, myosin, and methallothionine. 
A transcriptional regulatory sequence contains a promoter region that 
can appropriately initiate RNA synthesis. Preferable eukaryotic 
promoters include the mouse methallothionine 1 gene promoter, TK 
30 promoter of herpesvirus, Rous sarcoma virus promoter, and 
cytomegalovirus promoter. 

Prokaryotic promoters, such as the bacteriophage T3RNA polymerase 
promoter, can be used to regulate expression of fused genes, as long 
as the prokaryotic cell promoter is regulated by a eukaryotic cell 
35 promoter. 

An appropriate vector for expression in mammalian cells is a vector 
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that provides a high level of transcription from the mammalian enhancer 
promoter sequence. The cloned MK antisense vector can be amplified 
within bacterial host cells, isolated from the cells, and analyzed as 
described previously. 
5 Another possible method for using an antisense sequence is gene 

therapy. A virus-like vector generally derived from a retrovirus will 
prove to be useful as a carrier for the incorporation of antisense 
constitutes into the thickened tissues of blood vessels or the intima, 
and their expression. In general, the vector is not replicable in vivo, 

10 and therefore undesired infection to non-targeted cells can be prevented . 
In this case, the lack of replication ability is compensated in vitro 
providing a helper cell line capable of amplifying and enveloping 
antisense vectors. 

The antisense oligonucleotides of this invention can be derived 

15 from any part of the open reading frame of MK cDNA. An mRNA sequence 
that preferably (1) exists around the translation initiation site and 
(2) forms a loop structure, is targeted. Statistical analysis based 
on the size of the human genome revealed that DNA segments consisting 
of about 14 to 15 base pairs have a specific sequence within the genome. 

20 In order to assure the specificity of the target sequence in MK RNA, 
the desirable length of the antisense oligonucleotide is at least 14 
bases, more preferably, 15 bases. The oligonucleotides designed by the 
present invention include, for example, nucleotides corresponding to 
1 to 14, 1 to 15, 1 to 16, 1 to 17, 1 to 18, 1 to 19, 2 to 16, 3 to 17 

25 positions of MK cDNA sequence. 

As a compound inhibiting the function of MK in the present 
invention, a compound that binds to the MK protein to interfere with 
the expression of its activity can be used. These compounds include 
the MK neutralizing antibody, heparin (refer to Kaneda, N. et al., J. 

30 Biochem. 1996, 119, 1150-1156), or Human ryudocan that inhibits activity 
by depriving the binding site of MK (refer to Kojima, T., Katsumi, A., 
Yamazaki, T., Muramatsu, T., Nagasaka, T., Ohsumi, K., and Saito, H., 
J. Biol. Chem., 1996, 271(10), 5914-5920). 

The anti-MK protein antibody used in this invention can be obtained 

35 as a polyclonal or monoclonal antibody using well-known methods. As 
the anti-MK protein antibody used in this invention, a monoclonal 
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antibody is preferable. The monoclonal antibody can be prepared by 
following a well-known method. For example^ cDNA of human MK has been 
cloned and its DNA sequence and the encoding amino acid sequence have 
been reported. A monoclonal antibody can be prepared against the whole 
5 or part of the MK protein antigen. An antibody prepared against a 
soluble human MK protein antigen is most preferable. 

A hybridoma producing the monoclonal antibody can be prepared 
basically by following the method of Kohler and Milstein (Kohler, G. 
& C. Milstein, Nature, 1975, 256, 495-497) as described below. The MK 
10 protein is used as a sensitizing antigen and immunized by standard 
immunization methods. The obtained immunized cells are fused with 
well-known mother cells by standard cell fusion methods . The monoclonal 
antibody producing cells can be screened by standard screening methods. 

The MK protein used as a sensitizing antigen for obtaining the 
15 antibody can be prepared using, for example^ MK gene / amino acid sequence 
described in unexamined published Japanese patent application (JP-A) 
No. Hei 9-95454 for human MK. 

The number of amino acid residues in MK can be any, as long as 
MK is used as the antigen for obtaining the anti-MK antibody used in 
20 this invention. After the MK gene sequence is inserted into a well-known 
expression vector system, and the appropriate host cells are transformed, 
target MK proteins are purified from the host cells or the culture 
supernatant using a known method, and the purified MK proteins are used 
as the sensitizing antigen. Mammals immunized by the sensitizing 
25 antigen are not particularly limited, however, it is preferable to 
select by considering the adaptability to the mother cells used for cell 
fusion. In general, rodents such as mice, rats, hamsters and such are 
used. 

Animals are immunized with MK by a well-known method • For example , 
30 the general method is intraperitoneal or subcutaneous injection of MK 
into mammals . Specifically, MK diluted with PBS, physiological saline, 
and such to an appropriate concentration is suspended and, if necessary, 
mixed with an appropriate amount of a standard adjuvant, for example, 
Freund complete adjuvant, and after emulsif ication, administered to 
35 mammals several times every 4 to 21 days. An appropriate carrier can 
be used for immunization. After the desired antibody level is confirmed 
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to be elevated in serum, immunized cells are taken from the mammals for 
cell fusion. A spleen cell is specif ically desired as an immunized cell. 

Preferable mammalian myeloma cells used as mother cells fused with 
the above-mentioned immunized cells, include various well-known cell 
5 lines, such as, P3 (P3x63Ag8 .653 ) (Kearny, J. F. et al., J. Immunol., 

1979, 123, 1548-1550), P3x63Ag8U.l (Yelton, D. E. et al.. Current 
Topics in Microbiology, 1978, 81, 1-7), NS-1 (Kohler, G. & Milstein, 
C. Eur. J. Immunol., 1976, 6, 511-519), MPC-11 (Margulies, D. H. etal.. 
Cell, 1976, 8, 405-415), SP2/0 (Shulman, M. et al.. Nature, 1978, 276, 

10 269-270), FO (de St. Growth, S. F. & Scheidegger, D. J. Immnol. Methods, 

1980, 351-21) , S194 (Trowbridge, I.S.J. Exp. Med. , 1978, 148, 313-323) , 
R210 (Galfre, G. et al. Nature, 1979, 277 , 131-133), and such, are 
preferable. 

The above-mentioned immunized cells and myeloma cells can be fused 

15 basically by following a well-known method, for example, the method of 
Milstein et al. (Galfre, G. & Milstein, C, Methods Enzymol. 73: 3- 
46, 1981). Specifically, the above-mentioned cell fusion can be 
performed, for example, in a standard nutrient culture medium in the 
presence of a cell fusion activator. As a cell fusion activator, for 

20 example, polyethylene glycol (PEG), and Sendai virus can be used. In 
order to enhance fusing efficiency, an adjuvant, such as 
dimethylsulf oxide, can be addded. 

The preferable ratio of immunized cells to myeloma cells is, for 
example, from 1 to 10 folds. As the culture medium for cell fusion, 

25 for example, RPMI 1640 culture medium and MEM culture medium are suitable 
for myeloma cell lines, and other standard media used for this kind of 
cell culture can also be used. Further, a serum supplementary solution, 
such as fetal calf serum can be used in conjunction. 

A desired hybridoma can be prepared by thoroughly mixing given 

30 amounts of immunized cells and myeloma cells in the above-mentioned 
culture medium, and mixing with a PEG solution, such as a PEG solution 
of an average molecular weight of about 1000 to 6000 that is pre-heated 
to about 37°C and is usually added at the concentration of 30 to 60 percent 
(w/v). Subsequently, an appropriate culture medium is added thereto, 

35 and centrifuged to remove the supernatant. These steps are repeated 
to remove cell fusing agents , and such that are undesirable for hybridoma 
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growth . 

The hybridoma can be selected by culturing in a standard selection 
medium, such as the HAT culture medium. The culture in the HAT medium 
is continued long enough for the cells except the target hybridoma 
(non-fused cells) to die, normally for several days to several weeks. 
The standard limiting dilution is then applied to conduct screening and 
monocloning of the hybridoma producing the objective antibody. 

in this invention, recombinant antibodies and modified antibodies 
can also be used. As a recombinant antibody, for example, one that is 
produced by using genetic engineering techniques, by cloning the 
antibody gene of a monoclonal antibody from hybridoma, inserting this 
into an appropriate vector, and introducing into a host cell ( for example, 
Borrebaeck, C. A. K. &Larrick, J. w. , Therapeutic Monoclonal Antibodies, 
Macmillan Publishers Ltd., United Kingdom, 1990). As a modified 
15 antibody, for example, a chimera antibody and a humanized antibody, can 
be used. A chimera antibody can be obtained by linking DNA which encodes 
the antibody V region other than that for the human antibody with a DNA 
encoding the human antibody C region, inserting it into an expression 
vector, and introducing into a host for production (EP 125023, PCT 

20 WO96/02576). 

The antibody used in the present invention can be an antxbody 
fragment or a modified antibody, as long as it binds to MK to inhibit 
its activity. An antibody fragment is, for example, Fab, F(ab')2, Fv, 
or single chain Fv (scFv) in which H chain is linked to Fv of L chain 
25 with an appropriate linker. 

in the present invention, the anti-MK antibody is used for 
inhibiting the function of MK by following the general antibody 
treatment (for example, intravenous infusion). 

A pharmaceutical composition of the invention that comprises a 
compound inhibiting MK function as an effective ingredient, is 
formulated by well-known pharmaceutical preparation methods and 
administered to patients for the purpose of preventing or treating 
disorders attributed to intimal thickening, etc. The effective 
ingredient of the invention can be combined with an appropriate carrier 
or medium generally used for a pharmaceutical agent, for example, 
sterilized water, physiological saline, plant oil (for example, sesame 
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oil, olive oil, etc.)/ coloring agents, emulsifiers (for example, 
cholesterol), suspending agents (for example, gumarabic), surfactants 
(for example, polyoxyethylene hydrogenated castor oil system 
surfactant), solubilizers , (for example, sodium phosphate), 
stabilizers (for example, sugar, sugar alcohol, albumin), preservatives 
(paraben) and such to prepare a formulation suitable for effective 
administration into the body, such as an injection, nasally absorbed 
agent, percutaneously absorbed agent, oral agent, and such, preferably 
an injection. A pharmaceutical agent for injection can be provided in 
a form such as a lyophilized form, an aqueous form , or in a form in 
which the pharmaceutical agent is filled into an osmotic pressure pump. 

An injection can be obtained by dissolving the compound that is 
the effective ingredient, together with an appropriate dispersant, by 
dissolving or dispersing in a dispersion medium. Either an aqueous form 
or an oily form can be prepared by suitably selecting the dispersion 
medium. For an aqueous form, distilled water, physiological saline, 
Ringer's solution, and such can be used as the dispersion medium. For 
an oily form, various plant oils, propylene glycol, and such can be used. 
Preservatives, such as paraben, and such, can be added if necessary. 
A well-known isotonic agent, such as sodium chloride, glucose, and such, 
can also be added into the injection. Further, an analgesic, such as 
benzalkonium chloride, or procaine hydrochloride can also be added. 

Tablets for oral administration can be prepared by mixing the 
compound that is the effective ingredient with an excipient, a 
disintegrator, a binding agent, a lubricant, and such, and compressing 
and molding it. As an excipient, lactose, starch, mannitol, and such, 
are generally used. As a disintegrator, calcium carbonate, 
carboxymethyl cellulose calcium salt, etc. are used in general. As a 
binding agent, gum arabic, carboxymethyl cellulose, or 
polyvinylpyrrolidone is used. As a lubricant, talc, magnesium stearate, 

and such, are well known. 

The tablets comprising the pharmaceutical composition of the 
present invention can be coated for masking and as an enteric-coated 
agent using well-known methods. As a coating agent, ethylcellulose, 
35 polyoxyethyl glycol, and such, can be used. 

The effective ingredient content in the pharmaceutical 
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composition of the current invention is determined based on the 
administration form and the amount required. For example, in the case 
of oral administration, the generally acceptable amount effective for 
a day may be about 0.1 to 1000 mg of anti-MK protein antibody, and more 
5 generally, about 50 to 200 mg. 

The present invention also provides a method for screening a 
compound for the prevention or treatment of restenosis. Because the 
preventive or therapeutic effect on restenosis is achieved through 
inhibiting the function of MK, effective compounds can be screened by 

10 using the MK inhibiting function as an index. Some already established 
methods can be used for screening candidate compounds that inhibit the 
synthesis of MK. For example, there are numerous cell lines in which 
the synthesis of MK is active. The level of MK produced by these cells 
can be measured by, for example, radio immunoprecipitation, western blot 

15 technique, RIA, or ELISA. The MK level is decreased by treating MK 
producing cells with an effective candidate compound. 

MK activity can be directly analyzed. As described previously, 
cell lines having increased MK levels are available. These cells are 
also characterized by some abnormal behavior, such as colony formation 

20 in soft agar. Using these cells, the increase of endothelial cell 
proliferation can be measured. This is a useful in vitro model for 
angiogenesis in vivo. The behavior of cells changes when treated with 
an effective candidate compound, and thus , can be used to identify useful 
compounds. The above-mentioned assay is useful as a standard model for 

25 angioendothelial cell proliferation . The in vivo efficiency and safety 
of selected candidate compounds can be tested using an animal model 
system. .. 

Rripf nepr-ript-iop r>f the Drawings 
30 Figure 1 shows the time course of mRNA expression in blood vessel 

tissues of the experimental restenosis model in rats, detected by RT-PCR. 

(a) indicates the time course of mRNA expression for MK, (b) for 

Pleiotrophin (PTN), (c) for Syndecan-1, Syndecan-3 and Syndecan-4 , (d) 

for RPTP-p, and (e) for GAPDH, respectively. 
35 Figure 2 shows the time course of mRNA expression in blood vessel 

tissues of the experimental restenosis model in rats, quantitatively 
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detected by the competitive PGR method. GAPDH was used as the internal 
standard. 

Figure 3 shows the time course of the expression amount of MK 
protein in blood vessel tissues of the experimental restenosis model 
rats, analyzed by the western blotting method. 

Figure 4 shows a paraffin section of blood vessel tissues stained 
byhematoxylin-eosin(H.E) 14 days after catheter injury . H. E staining 
for the control group 14 days after the beginning of the experiment (a) , 
for the group 14 days after restenosis model preparation (b), and the 
magnified figure of Fig. 4-a (c) are shown. 

Figure 5 shows the immunohistochemical staining of a paraffin 
section of blood vessel tissues 14 days after catheter injury in rats, 
using the anti-MK polyclonal antibody, and the anti-rabbit IgG antibody 
as the secondary antibody (Jackson laboratory). 

Mode for- r;^rryina out th^ TnYfint i on 
The present invention is illustrated in detail below with 
reference to Examples, but it is not to be construed as being limited 
thereto . 

Examplfi-l: preparation of restenosis model 

Rat carotid artery balloon injury model was prepared as follows. 
Fifteen to twenty week-old male Wistar rats (body weight: 350 to 400 
g) were anesthetized by administering 50 mg/kg of Nembutal. Limbs of 
the rats were fixed on a fixed plate. The collum was incised along the 
median line to expose the external carotid artery . The external carotid 
artery at the region where the external carotid artery and the internal 
carotid artery branch out from the common carotid artery was rounded 
with two pieces of thread with an appropriate interval. The distal 
region was ligated, and proximal region was readied for ligation. The 
small part of the external carotid artery between the two pieces of thread 
was incised. A 2F Fogarty catheter was inserted through this incision 
into the common carotid artery, and further to its origin. A balloon 
was inflated with physiological saline at the origin of the common 
carotid artery until some resistance was created, and pulled back to 
the branched carotid artery region while rotating slowly. After the 
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balloon was contracted, the catheter was again inserted to the origin, 
and the balloon was inflated again and pulled back. This procedure was 
repeated again. This treatment peeled off the endothelium of blood 
vessels and damaged tunica media of smooth muscle to create intimal 
5 thickening. The catheter was pulled out, and at the same time, the 
thread at the proximal region was ligated. The operated region was 
sutured to complete the preparation of rat carotid artery balloon injury 
model (restenosis model). After the rats recovered from anesthesia, 
they were housed in separate cages. 

10 

Example 2 s Analysis of intimal thickening and MK expression 

Using the restenosis model, the relationship between intimal 

thickening and MK expression was analyzed by 1) PGR, 2) western blot 

technique, and 3) histomorphological observation. 
15 (1) Detection of MK expression by PGR 

Three normal rats (control group), and three each for every 

restenosis model group (3 hours, 3 days, 7 days, and 14 days after the 

catheter injury) were prepared. 

(a) Detection of mRNA for each protein in blood vessel tissues by 
20 RT-PCRSPO 

The expression amounts of mRNA for MK, PTN, Syndecan-1 , Syndecan-3 , 
Syndecan-4, RPTP-p, and GAPDH (the internal standard) in blood vessel 
tissues from the control and restenosis groups (3 hours, 3 days, 7 days, 
and 14 days after the injury) were detected by RT-PGR. From each tissue, 
25 mRNA was prepared, and RT-PGR was conducted for the mRNA, the starting 
material. Primers were prepared by selecting the best parts of known 
regions (Kurabo Ltd.). The nucleotide sequences of the primers used 
are as follows. 

30 MK sense primer 

5 '-gccggatccatgcagcaccgaggcttcttc-3 ' (30 mer) (SEQ ID NO: 1) 
MK antisense primer 

5 ' -actagcataatcaggaacatcatagtcctttccttttccttt-3 ' (42 mer) (SEQ ID NO: 
2) 

35 PTN sense primer 

5 ' -actggtgccgagtgcaaacaa-3 ' (21 mer) (SEQ ID NO: 3) 
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PTN antisense primer 

5 '-gagtttgccacagggcttgga-3 ' (21 mer) (SEQ ID NO: 4) 
syndecan-1 sense primer 

5 '-ggaggcacttctgtcatcaa-3 ' (20 mer) (SEQ ID NO: 5) 
5 syndecan-1 antisense primer 

5 ' -agcacttccttcctgtccaa-3 ' (20 mer) (SEQ ID NO: 6) 
syndecan-3 sense primer 

5 ' -gatgagccagaggtgccagt-3 ' (20 mer) (SEQ ID NO: 7) 
syndecan-3 antisense primer 
10 5 ' -gccacctacgatcacagcta-3 ' (20 mer) (SEQ ID NO: 8) 
syndecan-4 (ryudocan) sense primer 

5 ' -gaagacgctgggggccttgag-3 ' (21 mer) (SEQ ID NO: 9) 
Cj syndecan-4 (ryudocan) antisense primer 

5 ' -tctgaggggacacggatgcca-3 ' (21 mer) (SEQ ID NO: 10) 
ifi 15 RPTP-p sense primer 

rg 5 '-atcggatccccgttctcaacacatccctgaat-3 ' (32 mer) (SEQ ID NO: 11) 

01 RPTP-p antisense primer 

5 '-cgtctcgagctaagcatctggagaaaatgtctc-3 ' (33 mer) (SEQ ID NO: 12) 
4" GAPDH sense primer 

Hi 20 5 '-gaccacagtccatgccatcac-3 ' (21 mer) (SEQ ID NO: 13) 
S GAPDH antisense primer 

M 5 '-gtagccgtattcattgtcatacc-3 ' (23 mer) (SEQ ID NO: 14) 

PGR was conducted under the following conditions : heat denaturing 
25 was done at 94°C for 30 sec (1st cycle was 1 min); annealing at 55°C 
for 30 sec; and elongation at 72°C for 30 sec, with 28 cycles for MK, 
35 cyclesi for PTN, 33 cycles for Syndecan-1 , Syndecan-3, and Syndecan-4 , 
35 cycles for RPTP-p, and all cycles described above for GAPDH, Figure 
1 (a), (b), (c), (d), and (e) show the results of the above-mentioned 
30 RT-PCR, 

(b) Quantification of MK mRNA by competitive PGR 

The expression amounts MK and GAPDH mRNA in blood vessel tissues 
from the control and restenosis model groups (3 hours, 3 days, 7 days, 
and 14 days after the injury) were quantified by competitive PGR (Fig. 
35 2 a and b) • The concentrations of target and competitor bands were 
judged visually. The bands of the target and the competitor (the upper 
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and lower) with approximately the same concentration were arranged in 
the middle • For MK, the copy number of the competitors in the control 
group (C) was 10\ same as that of the target, was decreased to be the 
same as 10% 3 hours after the injury, and was increased to be the same 
5 as 10% 7 days after the injury. It was confirmed that MK mRNA was 
expressed about 10 times more than the control 7 days after the injury. 
In contrast, the amounts of GADPH expression were the same as 10^ for 
the control group (C) , and 3 hour, 3 day, 7 day, 14 day post-in jury groups, 
showing a constant amount of mRNA for all samples used. 
10 (2) Western blot analysis 

Two normal rats (control group), and two rats each for every 

^;;J restenosis model group (3 hours, 3 days, 7 days, and 14 days after the 

y J 

SA catheter injury) were prepared. 

U'l The expression amounts of MK proteins in blood vessel tissues were 

15 analyzed by the western blot technique (Fig. 3). Figure 3 shows that 
□3 the expression amount of MK protein 3 hours after the preparation of 

D ' restenosis model did not differ from that for the control group, however, 

7 days after the injury, the MK expression amount was maximum, and 14 
days after the injury the expression amount of MK protein was decreased, 
20 but was still higher than the control group. 
(3) Histomorphological analysis 

Three normal rats (control group), and rats for every restenosis 
model group (three rats for the 3 days post-catheter injury model group, 
four rats for the 7 days post-catheter injury model group, and three 
25 rats for the 14 days post-catheter injury model group) were prepared. 

(a) Hematoxylin-eosin staining 

The sections of the blood vessel tissues were prepared using 4% 
paraformaldehyde (Wako Pure Chemical Industries Ltd. ) fixative. After 
30 the sections were embedded in paraffin using an automatic embedding 
machine, a 5 jim slice was prepared and stained with hematoxylin-eosin 
(hereafter, referred as H.E staining) (Fig. 4 a, b, and c). Figure 4 
a shows the H.E staining for the control group. Fig. 4 b the H.E staining 
14 days after catheter injury, and Fig. 4 c a magnified figure of Fig. 
35 4a. Figure 4 clearly shows that no intimal thickening was observed 
in the control group, but obvious thickening was found in the restenosis 
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model 14 days after catheter injury. 
( b ) Immunohistochemis try 

The sections of blood vessel tissues 14 days after catheter injury 
were immunohistochemically stained using the anti-MK polyclonal 
5 antibody, and the anti-rabbit IgG antibody (Jackson Laboratory) as a 
secondary antibody (Fig. 5). A significant MK protein expression was 
seen in the neointima. 

Example 3 : The effects of MK on neointima formation in MK knockout mice 
10 In order to examine the relationship between restenosis and MK 

expression under conditions closer to in vivo, the effect of MK on 
neointima formation was tested using MK gene knockout mice, MK was 
prepared by the method described in Examples of JP-A No. Hei 9-95454. 
The homogeneous knockout mice (129/Sv line, 10 to 12 week-old male 
15 mice, body weight: 25 to 30 g) were prepared by destroying partial regions 
of exons 2 and 3 in the MK gene (Gene Cells, 1998 Dec, 3(12), 811- 
822) • 

Four groups, the wild mice (129/ Sv line, 10 to 12 week-old male 
mice, body weight: 25 to 30 g, 10 individuals), MK knockout mice (10 

20 individuals ) , MK knockout mice transplanted with a physiological saline 
injection pump (10 individuals) , and MK knockout mice transplanted with 
a MK injection pump (10 individuals), were prepared. 

Nembutal (50 mg/kg) was intraperitoneally administered to 
anesthetize the mice of each group. The neointima formation model was 

25 prepared by ligating the branched common carotid region. A complete 
occlusion due to thrombi does not easily occur probably because the mice 
tend to have relatively higher blood pressure, and stimuli from the 
loading pressure forms neointima ( Arterioscler Thromb Vase Biol. 1997, 
17: 2238-2244). 

30 Pathological analysis of the neointima revealed that the 

neointima in the wild mice was remarkably increased compared with that 
in the MK knockout mice. These results and the results of Example 1 
imply that MK might be involved in neointima formation. 

Neointima formation models were constructed by preparing two 

35 groups of MK knockout mice, those given MK and those given physiological 
saline (control group) (10 mice in each group). A pump injected with 
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100 ^1 of 0.8 mg/ml MK (Micro-Osmotic Pump "alet-MODEL 10070": alza; 
0,5 fil/hr. r effective for 7 days) , or a pump injected with physiological 
saline was subcutaneously transplanted under abdominal skin of mice, 
replacing with a new pump 7 days after the first transplantation, and 
5 kept until 14 days after the first transplantation when the mice were 
sacrificed to analyze the state of neointima formation. 

Blood vessels were fixed in 4% paraformaldehyde (Wako Pure 
Chemical Laboratories Ltd. ) . After they were embedded in paraffin using 
an automatic embedding machine, 5 ^m slices were prepared and stained 
10 with H.E for observation. Neointima was excessively formed in the MK 
administered group, compared with the control group. The results of 
ya the experiment in vivo using the knockout mice indirectly proved that 

MK is involved in the restenosis after a vasodilation operation. 



15 Industrial Applicability 

The administration of the pharmaceutical composition of the 

present invention effectively prevents the stenotic symptoms of blood 

vessels attributed to arteriosclerosis or restenosis after PTCA surgery. 

In addition, the pharmaceutical composition of this invention is 
20 therapeutically useful for alleviating progressed stenotic symptoms of 

blood vessels. 



